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1 . INTRODUCTION 

During Che period between 14 February, 1978 and 30 September 1978, the 
University of Michigan, Space Physics Research Laboratory was funded under 
Contract NAS5-24454 to perform a design study of an electronic system for 
the Jupiter Probe mass spectrometer. A continuation of this activity has 
been funded under Contract NAS5-25153 and a separate Contract, NAS5-25145, 
has been negotiated for the procurement of non-hybrid electronic parts for 
the system. 

The activity under this contract conforms exactly with the statement 
of work and the product of the accivity is a preliminary design of electronic 
system for the Jupiter Probe Mass Spectrometer. Because the design activity 
is continuing, this final report for Contract NAS5-24454 is an interim report 
for the complete task and attempts to document the state of the design as of 
30 September, 1978. 

The attached drawings, parts lists and design notes represent the state 
of the design as of 30 September, 1978 and implicitly constitute recommendations 1 

for the choice of design variables. I 
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DESIGN NOTES 
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W. Pjnkun b/X2/^li\ 


ti-:-i-cripr:.o:i of Gal i.loo-LASS Prolimitiary Toggle Dok icjn 


M-jc 


subsystem, 3 of the logic design for Geililco-I.ASS arc the 
xrrrr£:r'. Sequence Generator, the Coirunand Memory, the Mass Control 
Prccesscr, me Pulse Counter, and the Analog Multiplexer atid the 
A/D Converter. 


The Procrar?. Sequence Generator consists of a 13“bit counter 
incrar.entec at half-second intervals, an array of Read-Only Memory 
(RO.M) devices to produce a 6144 v;ord, 16-bit look-up table, and 
an ou-pur storage register to hold the 16-bit word actually being 
used ro cerrne instrur.ent function. V7hen the signal defining the 
end os tne half-second integration period occurs, a series of 
pulses are generated. The first increments the Program Counter, 
the second enables the ROM, the next strobes the ROM output value 
into tne buffer register, the fourth starts the Mass Control 
Processor, and the fifrh turns off the pulse generator. At power 
turn-o.n, the counter is cleared and a flip-flop is set v;hich holds *■ 
the v’ppsr end of the program counter reset until being cleared by 
el pulse from the space craft. The result is that the instrument 
will co.ntinue to cycle through its first 64 seconds of program from 
power turn-on until being released to start the "science" mission. 

1 intend that this first 64 seconds should constitvite timing checks, 
etc. The ROM array is shown as an array of 512 x 8 Shottkey-TTL 
devices v;hich are of the fuse-blowing variety for prograroming. tise 
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of the r.CA C*m’ .1832 X024 >: fi ju<i;,ik"progi:eai'rat'!cl UOMl; v;ouid cut: t he 

r.i.'/e and f:or.ipIexity of; thin nyni.eia, but would h.icihly probably c:orU-. 
noro for the piecG parts and v/ould also have a Icaiger load- time, 
tio-'thar choice is currently an approved part, although both are 
C-- the Project's "ifish T.ist. " The storage register has a serial 
'■'•rue to aliov; overriding the normal program sequence v/ith the 
i '•= tr ’-Trent GEE. The 16 bits of program word are allocated as follow,'?: 


S bits: i'lass Select 

(bottom 4 bits also drive the Analog 
Multiplexer) 

3 bits: Data Output Control 

a) Multiplexer or Log Amp to A/D 
converter 

b) A/D conversion enable 

c) Digital Data or Analog Data to 
telemetry 

1 bit: Increment Inlet Control Sequencer 

1 bit: Filament On/Off 

2 bits: Ionization Energy Select 

1 bit: Spare 

An B-bit digital comparator is provided to look at the Mass Select 
bits and determine is the value is above or below the High Frequency/ 

Low Frequency transition value. 

The Command i4em.ory consists of a 32-bit shift r a 32- 

bit core memory, and control logic. Appearance of a Cominand Enable 
signal overrides all other functions and sets up the shift register 
to load new command data from the spacecraft. D5.sappear<.mce of the 
Cominand Enable initiates data "v/rite" cycle to the core memory. 

Power turn-on initiates a data "read" cycle. Cores are. accessed 
one at a time, requiring use of only one sense amplifier and mini- 
mizing the energy in the read/v/rite drive pulses. Individual dr.lve 


;i.r, ut;od lor oacVi ooro, v/h;U:h i;hou I d ro'ui'I. !’. In .Toorvancid tolor,auc:o on 


oporatincf parawritc’r riKjuii.*omenta cu: con',par(!d t.o a raoro convention 
coincident-'drivo syntem. During core rcad/writo cycieu the contents 
of the .shift register ixro shifted iilong to present each bit to the 
drive circuits serially. In the ’’read" mode/ a "read" pulse is 
appiiei to a core and the response is stored in a flip-flop. The 
concent of the flip-flop is locided into the shift register/ and 
then copied frem the first stage of the shift register back into 
the core it came from. The timing counter then cidvances to the 
next bit address and the cycle repeats. The “write" mode is the 
s£tr.e/ except that data is recirculated from the end of the shift 
register back to the beginning instead of reading in the values 
from the core memory. Assignments in the 32-bit conimand word are 
as follows: 


24 bits: 8 3-bit v/ords for gain & offset for 

high and low frequency for RS’ and DC 
amplitudes for the rods. 

2 bits: Pulse Amp Discriminator Level 


3 bits: Multiplier High Voltage Supply Amplitude 

3 bits: Spare 


The Mass Control Processor is a digital calculator performing 
a function that has been done by analog circuits and multiplying 
A/D converters in the past. The task is to perform the calculations 


M' (M X a) -I- b 
M" " (M X c) -Id 

to produce control values for the" RF amplitude and the DC amplitudes 
for the rods. 
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rrrrti'M'rtrlul 


lauia.uii 


rvSTS-.fSSr 


ru i Lg.)i * \# yi3 WL"M P 


X M (.1; . ) , 


oi t.ho v>!i‘lou:; valuo;i l.s: 




M - .1- X 2 X M({:ull scaXo) \ .1. x 2 "'^^ 

than ;h (f.iJB) X M(r.‘;K) := -y ;i, >; 2."^^ >: M(f: . £;.) 


-n 


ind b(LSy) - i I X 2 X 


r rr.~. ic can that a 12-bit rc*.sult, clrivintj a 12--bit. 

b/-"- v.a_ :....oaiu D? oqual to the* taaik. Double— pj.‘oc.l£i.iou calcu- 

lation -aill be rerfom.ed on an 8-bit microprocessor. Limiting the 
program r.D'A to x23 bi'ces (v;hich/ supposedly, in sviCficiont) allows 
the cm sources of M, a, b, c, d, and the sinks of; M' and M" to 
occupy af cress-space v;ith very simple decoding of the address bus. 
Resuics are ceposited in intermediate registers upon completion o.t 
the calculations and transferred to the D/A’s at the start of the 
integraticn time-out period. This complication on the timing 
may prove unnecessary upon further study. 

Analog outputs for Ion Knergy, Discriminator Level, and High 
Voltage xiaplitude are generated by D/A converters consisting of 
discrete rears tors ' selected for the output value x'eqviired and analog 
Kwitchas to connect the desired resistor to a buffer amplifier. 

The Pulse Counter consists of an amplitude discriminator, a 
counting chain, and decision and raultiplexing logic to perform a 
floating-porn t conversion for data compression. The high speed 
portion of the counter, built out of Sliottkey and liov;-Powe.r Shottkey, 
as shown, has been operated to 12 :> successfully. Tlu? c;omparator 

function is an unknown, as to speed. The device shown, the fastest 
TTL-output comperator that could .be di'icovoi.'ed (on paper) is }irobably 
twice as slow as the first r»hottkey flip-flop stage whicli follows it. 
J-K flip-flops are used to allow control of i.hc? first, staife to start 








iiml isl'.op c;oup. !: i iU;,' . ).’or Jack of. ;;]u*c.i f i c-i I i nu:; , Mu> rt'.la I. i,C)U-- 

tihipu of UK c'l.ilai onubLc!;; ;incl clal.a cloc:k vaTC! iir.od at; t'.ho }»atii.r! J;o.r 
cxuint/tihif t oont:rol. A Ifi-bi. k prior.! ty nncoclci: .it; .i.inp I cniionf-.ccl to 
find tha value of the largest .llt.I.od bit. .1 ottakion . 'i’hltj value .iu 
loiided ii'.ko a rcgiator ^md licld fcjr the c'iurak.ion o.f the data output: 
enabla to control the nultiplexer which selects the appropr.lcvLe 
poir.r in the data shift register to collect the n.raction value. 

The priority encoder output .is also loaded into a shift register 
stacs as part of the output data. A test point is p.covided;. hard- 
wired to the r.ost-significant-bit stage of the data shift register, 
boohing at that point while providing a 24-bit data en^iblc will 
shift out the v.nco.T.pressed linea.r data. 

The .'nalcg Multiplexer and A/D system consists of the multi— 
ple'xer, an additional analog switch, a buffer compllfier, the A/D 
converter, and. a parallel-in/serial^-out shift register. The 1G- 
ihpub "ul tip lexer is driven by the low-order four bits of the Mass 
Select coda. further selection of the multiplexer output or the 
output of the Log Electrometer Amplifier is controlled by a bit 
from the Program ROM. Another bit from the ROM enables operation ■ . 

of the A/D converter, while <i third dedicates the output data 
stream to either the most recent digital valvie or the A/D output 
V£ilue. This configuration allows gathering nn analog value during 
one integration cind holding the result for later transmiss.ion 
during a "dead spot" in the digital data £;trcam. In this fashion 
simultaneous samples may be ttiken from the two data systems for 
gain checks and the like. 
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vjr‘’D TC : Galileo Distribution 

K. H. Pinkus 

S'--GrC'^: i-lissioa Tineline 


Attached is an abstract of the Mission Timeline given in JP- 
501, 'C similarly coarse NMS Timeline, a plot of Entry Probe Alt:u" 
tude (in pressure) vs. Tims, and an outline of thoughts on the modes 
of operation the KMS should be capable of supplying- All coinmants 
on the last v.'ill be appreciated (maybe) . 


li/ l »//H 
Will’: 


GaliJ.ou M i r.r>ion i iuj^ 

(aby lrac:t:.c!d from JP"f)0.l) 


10 cij’.y vaindow to leave Flarth orbit bocflns 6 January, 


1200 days) Opportunities v/ill oocur for periodic 
health checks of the instruments, timiny TBD. Final 
health check Sr command opportunity will be shortly 
before separation from the Orbiter 0 K-lOO days. 


When Coast Timer times out, data system ^UK{ Sequence 
Programmer are turned on. This phase ends at entry 
into the atmosphere. Possibility of doing calibra- 
tion checks (< 2 minute duration) near end of period 
(~ 2 Rj; ss 90 miiuites before beginning of Science 
Mission) . NMS pump activated (turned on?) at this 
tiir.e. 


Entrv: 


Period of high G forces, orientational instability. 
Acceleration switch v;ill signal fall-off of G forces, 
start Descent Phase program. Period lasts ra 2 . min- 
utos . 


Des cent (I) : Beginnin.g 0 » 0.1 Bar, t.hrougli k 10 Bar - main science 

period. All instruments on. I.asts ~ 30 minutos. 


Desce nt (II); Lasts addition^il 19 minutes. Reduced dal.a rale. 

Becfins at jetison of the? partichuto 0 10 Bar. 
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Altitude/Prosyure 
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1 . 54 
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4 50 km 


0.1 Bar 


E + 31.54 r.ir.utas 10 Bar 


E + 45 minutes 


35 Bar 


S/C Cmd r. 

inst on/off 
(optional checkout) 
(atmosphere entry) 
Inst on 

Science Enable 
(high data rate) 

(release parachute) 
(low data rate) 

(end of mission) 
floss of signal by 
orbiter] 
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« 

I . 


I'nsh. Function 


final checkout 


abbrev. checkout! 


Science Sequence 


Science Sequence 


-!>')- 











pa 1 nc!0^ XYMS-'i’ 


c f _ o po i;7i ti on t o Jir pjLpy Id o : 









■r.'J. Testing 


wiTh C’SK 


oner 


1. Ster.eari Flight Sequences 


a, Provide ’’fast forward" mode to got 

to eny point in the sequence rapidly 

^ nT*o\/iQa "hold" j\iode to repeat- any 
program step as long as desired 

c. Provide "single step" mode for slow 
steeping through the program 

2. Override mode 

a. G3S provides microprogram code to 
instrument on an integration-by-^ 
integration basis, supercc?ding the 
outout of the internal ROM program. 


E. Bata Display 

1 . Provide GSE-only data output ports to make full 
rnrernal instrument status visible for every 
integration 

a. Program timer code 

b. Microprogram code 

c. Command status 

2. Korm.al TM data stream 

a. Must continue & not loose step in the 
face of Program Sequence start/stop. 


JT. . Testing via TM system with instrument in the Spacocrnfl. 

A. Operating Mode is built-in checkout ruiquence, v;hich 

must be repetitive trathcr than open entled In.ke .ic.ience 

Sequence) . 

1, Need sufficient oporviting time to provide lull 
display of all instrument partuneters. 


-()t 


2 , Nc*od lo o>:auilno at loant s;.i.x wins pciakr; to 
vc!rify tunincj of all throe f roqaonc: too . 

(. 1 . 0 ., two poak:.i in each froqiioncy) . 

3. Provide some moans of "dry run" chocking al.l. 
valve operations (?) 

Data Display is via TM sy.stcm 

i. Might v.’ant to "lock out." Analog Science Data 
frori Housekeeping channel every other cycle 
to ensure getting the Housekeeping info, con- 
versely allow 100% takeover in cycles VJhen not 
"locked out". 


:il. Aotreviatsc Checkout before Entry ((?^Rj) 

A. See no benefit to doing this 

1. Data is stored until Descent period 

2. Is before the Entry shock, v/hich wi.Ll probably 
be the major event affecting instrument opera- 
tion between the E — 100 day check and the ac- 
tual Science !-5ission. 

IV. Abbreviated Checkout after Entry (0 0.1 Bar) 

A. Operatiiig Mode 

1. Simole mass scan be.fore opening .instrument 
to atmosphere 

2. Time available is‘ severely limited 

B. Data is normal TM data, no special requirements on 

housekeeping data since this is contiguous %-/ith the 

Science Mission data 


Science Mission 
A. Ooerating Mode 


Follows immediately lipon end of "Abbreviated 
chec^.out after Entry" ; enabled by .signal froi 


Probe Sequence Timer 
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for CMUibliiKi r.c.Icmco Modo v/.i LI bo 

latched, rcjverr.a'.l acrcouiplir.hod by cycXnuj 

inont power 

a. Kn^iblos Science Misision iierjuence 

b. Arms Inlet System 

3 Display by normal TM stream 

cetcut is 16 bits per half "second integration 

a 1 b"* t to flag Digital or Analog telemetry 
of Science Dixta in the Science Data freld 

b. 13 bits normally contain digital readout 
of Science Data 

c. 2 bits normally contain housekeeping 
information, foianatted as 16, 8“bit 
words stuffed in two bits at a time 

d. In "overlap'' region v;here both Digital 
and Analog Science Data are valid, the 
liTialog will be inserted in place of the 
Housekeeping Data to a maximum of jOj 
of the Housekeeping data rate 

e. In tb.B "High Output" region where th® 

D'lqita''. Science Data has little validi ty , 
the Analog v/ill be inserted in its place, 
leaving the Housekeeping data alone 

f. The Housekeeping data will 

analog parameter measurements (8 bit res 
lution) and an 8"bit representation of 
Inlet System status, repeating every 3 
seconds. The 16th word in this format will 
be subcomutated to provide Command StatUo 
and Instrument time code 

repeating every 256 seconds (4.2/ minutes). 
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shir.g Svnchronixation 
rone Structure 


Between the ROM Sequencer and the 



roceivad after tb 
ROM sequence shfj 
but ve con do thi 
at a tine veru' cl 
the 109 near leva 
the T/M. i'ne cur 
ld-15 turn-on were 


ion between the NMS circuitry which sequences the program 
/M frane structure V 7 ill be established if; the NMS Povver 
at the proper time with respect to the T/M frame structure, 
begin to count on the first NMS Data Lnve.lope. signa.. 
e IMS completes its power-on-reset sequence. Ideally, the 
Id start \vith the first Data Envelope of a i/M major frame, 

5 only if a T/M major frame is timed to begin to begin 
ose to the nominal turn-on time of the NMS instrument at 
, V.’e cannot afford to delay the turn-on to wait for 
ation of a major frame is 4,27 minutes, and if the 
delayed by an appreciable fraction of this time, we would 


lose vital data. 


If we cannot turn on at the beginning of a major frame, the next best 
thing would be to turn on at the beginning of a T/M minor frame, preferably 
frame 9, 17, 25, 33, 41, 49, or 57 of the major frame (assuming the 
minor frames are numbered 1 thru 64) ♦ Any one of these timings will 
establish that an JRdS block (defined below) will begin at the start of 
a T/H major frame, 

r 


Power-Cn Timing 

Foil owing the NbiS Power-On command, the instrument requires a period 
of approximately 0.1 sec, for the Power-Cn reset function before it 
can respond to any external signals. Thus to establish n synchronization 
between the NMS ROo! sequencer and the T/M frame structure where the ROM 
sequence beings at the start of a frame requires that the NMS Power-On 
conmand occur sometime after the last NMS Data Envelope of one frame, mra 
at least 0.1 sec before the. first NMS Data Envelope of the next frame, ihe 
P.OM sequencer will start counting with the first NMS Data Envelope following 
the completion of the Power-On reset function. 


Re-Svneing t he ROM Sequencer 

If the ROM Sequencer is started at a known timi; with respect to the 
T/M frame structure, at the .start of the descent phase of the mission, they 
si aid stay in synchronization for the remalTider of the mission, provided 


. - 64 - 


C:.il i.le.o Llnil. uui 

Aiij'.iii;!. ?o, 107^) 

ImI'... 7 . 


both coLT(!cCly . Provlfixoii conlcl bt'. p.fic'.a pcricKlic.'i’JJ.y ro.fiynclnp, 

the KOM sequencer iti case they do p/!t out of step. However, inclusion oC 
resyncinj; circuitry night reduce, rather than Jncrcase the overall 
probe.b '.lity o£ a successful r=vi5sion. The decision to Include resynclng 
i rovi sicns should be nada only after considering all of the reliability 


If a syr.c code is included in the NMS data, then it will he possible 
-c correctly interpret this data, even if synchronization with the T/M 
tittdr .5 is lest. 

Crranitint; the Dsta into "Blocks" 

It vould seen useful to organize the data into blocks of 64 data 
werd of 15 bits each. Such a block seeras to be about the right size for 
a nomal tcass spectrua scan and some overhead data. If the science requires 
that during part of the rcissio.a the number of masses sampled by significantly 
larger tr smaller than about 60, v?e can easily devise systematic means for 
ps,-v- - ? these longer or shorter scans into 64 word blocks. The advantage 
of such a block structure lie entirely in the ease it lends to the 
process of olaaning the ROM sequence for the mission, and in the ease of 
interoreting the T/M data. The use of the ROM ns a progranuner for the 
instrument allows a sequence of samples which has no periodic structure 
whatsoever, 

A block of 64 sample words requires 32 seconds of real time, or 128 
T/M bytes soreaa over 8 minor frames at 16 bits per minor frame. There 
are 5 blocks in a major frame. For convenience in interpreting the data, 
each major frame should being with a new block. 

A block will consist of a number of ion count samples and some overhead 
data. The overhead data may include such items as: 

1, Readout of the ROM sequence counter at the beginning of the block. 

2, Readout of the "fine tuning" commands currently in effect. 

3, Readout of the valve sequence state, and also possibly some 
feedback data to verify valve operation. 

4, Tag bits to identify which data sanples were derived from ion 
counts, and which were from an analog readout to accomodate 
extremely high cou-nt rates. 

5, Any special codes that we may include in our data stream to 
allow us to recognize the start of scans or blocks independently 
of the T/M frame structure. 

Housekeeping data (temperature, critical voltages, etc.) 


6 . 


Ca'i i-luct Dif.i r ilnil i.on 
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IHl 
C ■; 


AO 
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rr:,nlly t:hf. iul.at valves 
j.c-coi'.ds arc; requLrod 
ron Lhe pluv.bi'.if', those 
:hoot loslr;;' any visaCul 


will clianj'n sLaLa nl tlio sCart of a block. 
aCtcii: n valve clianf'.a for tha old mixture* to 
time* sletii; could be used for overhead 
science. 
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y.IZ’.'J 1': Gslilco distribution 

FdCt:; W. H. doctor 

SL'B.'FCT: Interfao-^ Tir-ing, ; ROM SsquencGr and X/M Data 


Purpose ; 

The purpose of this rieino is to gather together a tentative 
d escripr ior. of the tiding aspects of the i-dfS Instrument/Gali.lco 
Spacecraft T/u! interface, based upon what inf ontation is now avnii.able, 
and to suggest sor.e alternative choices for sons of the parameters tliat 
are still undefined. 


I'anv Galileo paraneters are presently defined only by the statement 
"like Pioneer Venus". Accordingly, I have taken all of the v/ord and 
bit timing (kord Invelope, read clock, etc.) and the T/M frame structure 
frem. Pioneer Venus documents. 


Interface Characteristics that seem to be Tentatively fix ed : 

The spacecraft T/M format is organi;:ed into bytes of 8 bits each, 
which are grouped into minor frames of 64 bytes each, which in turn 
are grouped into major fra.cies of 64 minor frames each. (I shall use 
the word "byte" to describe the 8 bit unit to avoid confusion with 
the 16 bit units produced by the N>VS instrument. The spacecraft 
literature refers to these 8 bit units as "words.'.') Table I gives 
the relationship bet’ween these units, and their time duration when the 
T/M is operating at the nominal rate of 123 bits/sec. 


The transfer of 
"like Pioneer/Venus, 
transfer in ?/V ere 
Read ClocV: are gener 
by the Instrument. 


data from instriment to T/M is reported to be 
" The. waveforms and timing for a single byte 
shown in Figure I, where trie Read Knvelope and 
rated by the S/C. and the Serial Data if. generated 
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HMS Minor Major 

Rius bytes Saraole Frame Frame 

Time 

(sec) 

- — - ■ 

3y,Y6S ' 4,096 2,048 64 1 

256 


512 64 32 1 

4 

' ’ H ^ > ’ 

16 2 1 

1/8 

- .* * ■ ^ /' - - 

S 1 1 

1/16 


1 

1/128 



- 





ur.ent produces data in the fona of 16 bit/sample words, 
cnstituta the floating point count from’ the mass 

three btLts arc available j.ot ?nultiplexing 
■nation and such additional timing and synchronization 
A sanple word, therefore requires two T/M bytes. A 
.erated every 0.5 sec, so the N'.-IS generates 8 samples, 
■ev-j i/M minor frame, equivalent to 1/4 of the T/M 
S/C. 


The hliS Instrument is progrannned by a read only m^ory (ROM) capable 
of storin' a St?parate command for each data sample during the entire 
descend phase of the Probe. Each command specifies the atomic mass number 
to be measured, among other things, so that there are essentially no 
hardware restrictions on the sequence of sampling, and the sequence can 
be e--tireiy independent of the frame structure of the T/M system. There 
need' not even be‘ any repetitive sequences in the program. However, seems 
likely that, as the program is defined, it ^rill fall naturally xnto scans , 
in \:hich a set of masses is sampled more or less sequentually , even though 
the set of masses sampled, and probably even the number of masses sampled, 
\.-!Tl varv from scan to scan. V.’e would probably lose little flexibility 
the ROM program into standard blocks of 64 samples each, , 
provided'we recognize that during some parts of he mission we may program 
two rrtual scans per block, or three actual scans for two blocks, or ^ 
other combinations. A block of 64 samples would correspond to two minor 
T/M fra-m.es. Structuring the program into such blocks would peatly 
simplify -he data anaylsis. In particular, structuring calibration and 
checkout programs into such blocks mould greatly sitnplx y ' e •. 


Th e Problem of Id en tifyi n g Data i n uhe T/ H Stre^m^ i tvtx, 

Obviously we must be able to identify each data sample in the T/M 
data stream with the. ROM program step v/hich produced it. We may do this 
cither by locking the ROM program sequencer to the T/M frame counter 
or some other time signal generated in the S/C, or by letting our ROM 
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jn qucT.ici'r nm 
caia srrOsiin. 


itidfpvnidep.tly mul iniLf.iii'' t; l.r.iJ.ui', inCormatioi'i 
Thnrc! nra advaatnj-es in dohii' bol:h. 


inbo our T/M 


c ’ 


'ral altcrnaLive ru->t.hoda Cor .lockint; tho KOM ooquonoor to tho 
aro available: 


A: oovi-r-cn, 'b.a ROM sequencer cones up locked in 
and stays there until receipt oC an unlock sip.nal 
at a kne vr. polr.t in the S/c: tiner sequence. 


the jiero state, 
that occurs 


.At oo-er"Cn, the ROM sequencer starts at the zero state and' 
steps with each data sample. Periodic synchronizing pulses from 
the S/C keep the ROM sequencer in step with the T/M frame structure. 
For example, a synchronizing pulse every minor frame could be 
used to reset the five low-order bits of the ROM sequencer, keeping 
it in sv-nc vith. the T/M frames. A pulse every major frame could 
ha used to reset the low order eleven bits of the ROM sequencer. 


3. The Scicr.ca Sequence hnable signal v;ill presumably occur at a known 
time with respect to the T/M sequence, and covild be used to preset 
the ?wM sequencer to a specific position, as well as to enable 

it to ■precede from the calibration sequence to the science. 
data-gathering sequence. 

4, Transmit to the M-‘5 a portion of the count in the S/C v;hich 
identifies the byte positions within the minor frame, and use 
these as the low-order bits of the ROM sequence code. Discard 
the low order bit. 


Timing Infomation in the T/M Data Stream ; 

There are several alternative methods whereby timing and identification 
information nay be included in our T/M data, utilizing the extra three 
bits of each sample word, and sharing then with housekeeping data: 

1. Use the hi-order bit of each sample word for timing, and the 
other two bits for multiplexed housekeeping data. Put a *M*' 

in the hi'*order bit for the fxrst sanple of each scan, Ixke IRCM. 
There is no identification of scans, except by counting scans 
fron some landmark. There are 12S bits available for housekeeping 
data for each scan. 

2. Use thehi-bit of the sample word for timing and the other^^two 
housekeeping as before, except that instead of a single "1" 

in the hi-bit for each scan, v/e put a conventional stiyc code, 
followed by the. bits of the ROM sequence counter. These codes 
would appear in serial form, one bit in each sample xjord; they 
would give us complete iuforiaafcion as to 'x-.’hat pjirt of the ROM 
program produced the data. There xv’ould also be. enough bits 
left over to read out the actual ROM co:nmand for one or two 
samples of the scan, if dcs;trr.d. Also, v;e could read out. the 
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Tharo are I?-8 bitb availablti for housekeeping data, as v;j.th 
alternative 1. 

1 all three of the available bits from some words for timing 

and all throe bits of the remaining words for house 
k-=oir.g. If, tor exanpla, v;e allocate 21 bits for the sync 

and 13 bits for the ROM sequence count, we have 156 bits 
'£-'t ^or heusekeeping data, more than with the other options. 

7" 21 bit 5 :.-nc”ccde is enough bits, that assuming that the rest 
0 = t'-£ csta is random and that we ignore all frame information 
S/C, the probability of a false coincidence any time 
during the 6144 samples (12,288 bytes) during the descent phase 
is or.lv 1/171. (Designing an efficient octal sync code seems 
to be easier than designing an efficient binary sync code.) 

Thus ve can reliably interpret our data, given only a string 
0 - hvtes from the Id-iS Instruemnt and the knowledge of the sampling 

saqoer.ee ir. the ?.0M. 

If the iR-'S instrument includes any provisio-. to jump to 
a different *n?.rt of the program if an unexpectedly high pressure 
is encountered, it becomes even more desirable to include enoug.i 
data in our data stream to determine unambiguously the point .in 

. • camnlo- 


:de and 


.. 21 bit sy 
)f the data 


is or.lv Ij 





* R'^'AD EflVELOPE AND READ CLOCK SIGNALS AS SHOWN UEl’RKSi;!!! 
V.'AVEFORMS AT OUTPUT OF USER'S INPUT BUFFEii PLUS ONI-. 11 L 
INVERTER. 

** DATA tlUST BE VALID UNTIL EITflER THE Cl OCK OR Till-: ENVELOPE 
STARTS TO FALL TO ZERO. 

Figure I Galile o Froli^T .Ti:au.i^. 

Assumed same as Pioneer Venus. Taken from l/V drawluu.. 
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Tr.i ',;;nichtfd t.abli "Lllustratcs a vorkable instrument', time -• line. 

■ 7 ',^ 235 ir.;i ;rati:jn periods seconds) are shown. During the 

firs; 35 of ir.tesration periods an eight point tune check of f\ 

r.’sses is r.= ie er.d the 6i bits of housekeeping data are taken over for a 
tit;e -- — = -^5 state readback. The tune checks can be repeated at any 
ti-e slate this is under control of the instrument ROM. Each row in the 
table of 3 integration period.s corresponds to a spacecraft niitror frame during 
v,-hioh n total of 13 bits are available for housekeeping data. Eight of these 
bits are assitaed to a reading of Multiplier current, and the other eight 

to other monitors. Any 1 of the S masses during a spacecraft minor frame 
car h“ acted for an I reading>the value of which wil.f be telemetered 
during tha .isxt minor frame, A 32 word multiplexer has been selected and 
is shown for purposes of illustration with A1 being sampled at 6 equally 
spaced locations, P-2 at 2 and the remainder at 1 location. The last A words 
allow for 32 bits of digital housekeeping. A total of 256 integration periods, 
128 seconds, is recuired to retrieve a full set of multiplexed vaD.ue.s. This 
adds vith the 16 second turn-on command state readback to give 144 seconds, 
the time recuired from turn— on to get a full set of houseUoepLng data. 

Following the 16 second i’-iitial sequence, a 64 mass background scan 
is show: followed by breakoff. The number of masses in the backj-.round scan 
is arbitrary and could be reduced if 48 seconds seems too long to spend before 
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}*.i' t. r. in- at I lia Jovian at i.iosi-luna*. I'o.l I ciuini'. lli;' Ji u-kjvrmuul na'an t;ln- iiianii 
proj’tar.i daoinocl n ir l.U.o for I lu' oai'ly I'lnalysin of t lu' Jovian at iiK)ni>linM‘ 

in ca.livd. 

DnrI'.V' groiu’.d and crnin.n t nstn t ha imiirnraanL oi'orat.ns In t.he naiiin 
viy "uh-tt b: in iuhiblLad. At nornal s;Ku>d lAA sn'coridi. <'irn 

in'-' a rail ch^ak-out. Eacl\ of th.-,; s«.?l.co (.able ion lard' Ion cnp.i:5vLo.K 
£-'.nald bv irallad :.t least oncQ durinj; this period so that tills instrument 
fnr.ttirr. '..ruli be -fMevcised . The dip,ltal words at the. end of the. 1A4 second 
ir.ter-.'.el i-cle£-is inlet-src-nencer state -which would have, advanced at least 
or.r. .-tip luri-g the inter*s'?.l> partially checkins’, this Cunction. 

ib.r di.=iirid ■scenario at entry Is to turn the instrument on at some 
time crier re cocillirat ion so that it is w,arned-np when measurements are. 
Started. A sii;nal is 'ch'as required at the n’oment when telemetry hep.ins which 
wo’cld be 'asid to reset the 13 bit counter driviny, the KOM to its zero state. 
lde?-llp* this -weald occur AS seconds above 0.1 bar so that hreaUoCC would 
initiate rreasurem.ents at the. speciCiled pressure level. This counte.c would 
also be reset at instrument turn-on and it is probably desirahle to have 
this reset camard.able as perhaps intrinsically It would ]>e on the same line 
that provides the post entry sijpial. 

Most of the details the. turn-on sequence rer.iain flexible. The "waste" 
of 16 Seconds for tune checks at Jupiter seems to he the only possible 
objection to this .scheme.. Its virtue.s are iiardw.-re simplicity and the 
attribute that evefc turn-on .is identical to the entry scniuencii. 
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::-rr.ctiz:i- iuring cruise. Alternatively, for each combiuatitm cf V<J.y,h 
: .-.i cisc.rir.ir.atDr level needed (this would probably be. much .rewer 
e.r... d iiscrir-inator levels t.o select the correct one and 6 high 
values following, for a total of 10 combinations) the instrument 
: allcwrc to proceed from step 0 through enough integration periods 
he uecessarv information. By pregrarming the ROM with this need 
i? intesration periccs should suffice (16 past the 32 integration 
:une cb.ech) . The procedure would thus he to command the appropriate 
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cctibir.af ion of 
take 21 second 
of data etc. 
tine (guess 60 
faeck is requi 


.nas tecnnucue 
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high voltage and discriminator level, send the reset command, 

3 of data, send the second combination, reset, take 2A seconds 
For 10 combinations this would require 2^i0 seconds plus command 
seconds) for a total of 300 seconds. Since this detailed 
red only i.nf requently this anour.t of time is probably acceptable 
puts no additional hardware requirements on the instrument and 
r-cr.e forethought in programing integration periods 33 through 
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;tions 


Zz is rrcpcsec ‘that the instrument include provision to "fine tune" 
the r_--53 stectrcmeter by around conmand. This fine tuning would take the 
forr. of slight adjustments to the gain and offset of the and control 
voltages, viuh setarate adjustments for each of the three frequency ranges. 
Thus there are a total of six gain/offset pairs. In addition, it is proposed 
to adjust the high voltage to the electron multiplier and the threshhold of 


It is tossible that the instrument may prove sufficiently stable that 
some adjustments on some frequency ranges can either be dispensed with or 
combined with other ad justm.ents . For purposes of this memo, however, 1 
ass’um.e the worst , and provide full adjustment capability. 

A.ssur.e that the m_ass ranges covered by each of the oscillator 
frequencies are: 


Lo range 
Mid rang€ 
Hi range 


Mass 1 to 6 
Mass 6 to 52 
Mass 52 to 255 


Let us represent the correction operation by: 
y “ nx + b, where: 

X is the nominal atomic mass number read from the ROM 
as part of the program command, cind is ein 8~bit 
binary number. 

y is the corrected "mass," represented by a voltage which, 
after appropriate artplif ication, will, control 
or to the quadrupole. 

b is the offset correction: -I<b<>-1. 

n is the gain correction: m ^ 1. 

since m has a valvie near 1, \-?e may best use the transfona 

r, - 1 + m' , ' 
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where rn'<<l. Fewer bite, circ: required for an adacp.iate representation of; in' 
then r.. We would then transmit m' iu: a part of the commaucl, and compute 
M " 1 F r.' on board [ 




Sir.:e and b r.ra to bo transmitted as dicjital quantities, and it is; 
tar.': to /:oer the nurbar of bits to a minimum, resolution becomes the 
nr focnor in chOwSin^' a method of implementation. I,ot us sissume that 
en-^rod rc-solunion is 1/8 of an atomic mass unit. This means that m' 
must be so scaled that a change in the lo-order bit of either does not 
ce a change in or that exceeds 1/8 at ciny mass. It is 
u3 , chen that the resolution in b must be equivalent to 1/8 AMU. The 
t of an increment in m, however, is not so obvious, and must bs computed. 


a linear fane 
points {;-n , y 
prevencs us f 
points should 
desired value 


restate the resolution requirement more rigorously. Since y is 
ction of X, we may adjust m and b so as to fit any tv?o given 

and (X 2 - y-p) • The fact that m and b are quantized, however, 
from fitoir.c exactly some pairs of points. For no pair of given 
5 -^v.^ Y *,.'5lue Generated by the quantized m and b differ from the 
e bv more than + 1/16 AfiU. 


Range of rr. ar.c. b : 

7h.a ranee of values which m and b take is 15.mited by the nuuiber of bits 
transmitted, and by the resolution. The range limitations will confine the 
function y - nx + b to lines which fall within the cross-hatched region of 
Figure 1. bote that this region is narrowest iit x = 0, and widest for the 
highest value of x. This property will allow the maximum correction for 
drifts at the highest atomic masses, which seems to be the place where 
corrections are most likely to bs needed. If, however,- the maximum drift 
should appear at the low mass region, the function may be altered to: 

y « m(x - x') + b+ y ' , 

where x' and y' are co.nstants. The zone of possible corrections is -then 
narrovist in the vicinity of (x’ , y') . 

For this nemo, I will continue to use y - mx + b. 


Resolution in m: 


If Ay is the acceptable resolution cleirient in y, and Am the re.,olution 
element in n which would produce Ay, then: 

Ay « (m + Am) x •'+ b - 
‘w inax max 

= Am x_ 


Am -- 


. bi 
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wlu-ro Xj, if' t'htJ >: val.uo of t he ni«per l.l.ini.1' of t ho r.uKjc! for oiif! onoillal or 
frequ?p.cy. Ur.lncj Ay = 1/3 AMU, wo cjoh tho fifjur'os oivon in Tablo X for Um 
ran.;o of tho corroct Lonii availablo Lo m for Lbroo Iri.l ;; ot in' . 
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,lr. chanqo avalliiblo in tli« hi na;;:; ranyo lt>ok£; vcnry ninai: 
ot3 th.o fact t.hat tho oCtcctivo gain in tho hi range? inun 
oatrollocl if tho "bancfwidt'n" of tlu; quaclrnpoli; is 
th'," or.-:; mass unit is ro.solvod at inanr; 2bf>. 



have no clo;irly stated r-quiroinent to resolve one 
S'ach requirenent exists, w can iichicve a greater 
is the hi mass range with tliree bits of m' . 
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izzi :: tr.e discussions at the Galileo Isl-iS en"inaerins me.Kting 
Tcsulcii ir. d-crisicns vhich vsre needed to proceed with design. Three 
aresir ir. vhicr. this is true are discussed in the attached bricC design 
notes '-hith rre being circulated tor concurrence. These are the 
retetticr. rcrz, the instrunetit forraatting and the data handling and its 
reiaticr.snip to data procesving. 

i.ddiricr.al conceptual questions were raised which arc being studied. 
These are identified belov with names associated with specific tasks. 


(1) "lectrcde bias Suool v 

A. Conceptual Design ~ John Maurer 

(2) Inlet Systen 

A. Requireaeats - Jim Cooley 
S. Interface Issues ~ Bernie Elero 
C. Conceptual Design -- Jack Caldwell 

(3) Iw ... Source Status E-. Filament Select 

A. Criteria >- Hasso Nicnana. 

(-) Adjust C once pt 

A. Design - Walt Rinkus 
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CAT.LT.l’.O NMS 
ni'ia I CM NOTE 


: i n A- ' 


tod Tssuos 


r:ttach>i ir.bli illustrates a vorkable instrumeut time - line. 

7;-.; zirsz -C'S ir.tirr.'.tiDn periods (.lAA seconds) arc shown. During the 

firs: II .'I tr.e?^ integration periods an eight point tune check oC 4 

niasris is nade and the 54 bits of housekeeping data arc taken over for a 

one tine trttnani state readback. The tune checks can be repeated at any 

tine since this is under control of the instrunent ROM. Each row in the 

table cf i interration periods corresponds to a spacecraft minor frame during 

vhith a total ot 15 bits are available for housekeeping data. Eight of these 

bits are assirned to a reading of Multiplier curr ct, and the other eight 

to ether nonitrrs. /my 1 of the 8 masses during a spacecraft minor frame 

can be selected for an I reading* the value of which will be telemetered 

n 

during the next minor frame. A 32 word multiplexer has been selected and 
is shovn for purposes of illustration with A1 being sampled at 4 equally 
spaced locations, at 2 and the remainder at 1 location. The last 4 words 
allow for 32 bits of digital housekeeping. A total of 256 integration periods* 
12S seconds, is required to retrieve a full set of multiplexed values. This 
adds vita the 16 second turn-on command state rcadback to giv. 144 seconds, 
tine required iron turn-on to get a full set of housekeeping data. 

Following the 16 second initial sequence, a G4 mass background scan 
is shovn followed by breakoff. The number of masses in the background scan 
is arbitrary and could be reduced if 48 seconds seems too long to spend before 
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i.r II, ■■ .luvl.u, .unosi.lKT,.. |.■„.u„„^„,, nu.ul I 

|,r„,,rar, ot M.i- Jovinu al:„o,-,|.lu-,.r„ 

i:; c.’nod. 

.'urins <;roiina ^.n:! criUati toBt-; lIk.; .iubtruin-nf. cpnraLus :iu th« same 
‘-.'•o-i. InaLblLcid. At norr‘a.1 Kp^!C>d 144 fiaconclK fira 

' ” " , Kac.h of tho ru'loo.tnblc; .ion L/iataoii c:nt>rp/i.C!S 

s.'.cu_; rr call-- a ac least onco during this poriod so that this instrumoat 
.uncticr. vriia ca ov-rcisad . The digital yords at the end of the 144 second 
3 inls u-sequei.cer state vhlch would have a.dvaviced at least 
^ in»er-.*al> par tially checking this function, 
w s^=„a_io jiL entry is to turn the instrument on at some 
.... _o . ie.ai.ion so that it if; varnad-up v;hen measurements are 

sigca_ IS tnus required at the moment whan telemetry begins which 
oe usee to reset the 13 bit counter driving the ROM to its zero state. 
Ik-e.i_iy ecus vcu_u occur 4S seconds above. 0.1 bar so tliat bre.akoff would 
initiate measurements at the specified pressure level. This counter would 
also be reset at instrument turn-on and it is probably desirable to have 
tnis reset cotnar.dable as perhaps intrinsically it would be on the .same line 
that provides the post entry signal. 

Most of the details the turn-on sequence remain flexible. The ’’waste’' 
of 16 seconds for tune checks at Jupiter c-.e.ens to be the only po.ssible 
objection to this scheme. Its virtues are hardware simplicity and the 
attribute that every turn-on is identical to tlie entry sequence. 
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Tiu: ev.ilu.'it i.L)ii of luii Lt. i pi. ici: t luirael or i :;t i c:;; clmr.iiip, oi ni.!i(> proHont.s 
an o|uuat.ioual cosiiplcrx Lty . 'J'lio ;in:;f irunionL ;ir. jirovtdod v.'itli oif.hl^ commandablo 
high voT t ‘>>^'■1 four coiunuuulabl.O- disc rimlnaUor luvols. Tlio. ideal umlLiplloc 
cv ilu" •-ion progra-.:> would bu one in which an approiir int.ci masn would bo 

;;: ; d and a 32 i-;Lop (•?■ high vo.lt:igo>s X dic.cuininal.or .level:;) jioqiienco 
u2i i in-icutod -..izh sinailtaneouy mea.Huroiaant of l,,i, Count:, and I 
Mnl: i;:2'-cr and High Vr-ltaga Monitor. This is possible on the ground but 
r_t'r.^:r inpraniicai during cruise. Alternatively, for each combination of high 
veltati and discriminator level needed (this would probably be much fewer 
than 22; e.g., ~ ciscrininatcr levels to select t;he correct one and 6 high 
volraca values folloving, for a total of 10 combinations) the instrument 
would ha allc-ad to proceed from step 0 through enough integration periods 
to tat the necessary information. By prograicming the ROM with this need 
in riind 13 in.cecration periods should suffice (16 past the. 32 integration 
period tuna ch.ac'.;) . The procedure would thus be to command the appropriate 
combination of high voltage aud discriminator level, send the reset command, 
take 24 seconds of data, send the second combination, reset, take 24 seconds 
of data etc. Tor 10 combinations this would require 240 seconds plus command 
tine (guess 60 seconds) for a total of 300 seconds. Since this detailed 
check is required only infrequently this amount of time is probab.ly acceptable 
This technique puts no additional hardware requirements on the instrument and 
only requires some forethought in programming integration period:; 33 through 
4S. 
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current. 


e — 


integration par. 

rna foUov 
(1) Grid gleet 


;r:‘S -..n'etLixg on 30 1978, (toexs i ons v/erc made v/xth 

subsystem which pcirmit completion of the detailed 
tr.v. 7 ..rpose of this note to document; the consen.sns design, 
vill include two detectors, a grid near the exit of .the 
incerc-ept 20% of the ion flux and a continuous dynode multipli.er 
ac: the other S0% and convert each ion into an electron pulse 
a cf 2 to 3 X 10^ electrons. 

cnic s;'5tan V/.111 provide three separate detection channels: 

E:ar electronetar measuring grid current; 

anr electrcnater measvirlng multiplier current; and 

sa counter measuring ion arrival rate, 

ither the counter or the grid electrometer will be fed to 
1th the decision on v?hich based on the value of the multiplier 
ultiplier current will be telemetered once each eight 
rods utilizing the housekeeping bits, 
lag specifications apply' to the detection channels, 
ror.eter 


Linear 

10 volts full scale corresponding to 10 amps 
12 bit cigitiza.tion of output 
Accuracy 0.03% full scale (5 mv) 

Tine Constant <.05 secs. 

( 2 ) Multiplier F.lcctromete r 


Linear 

10 volts full scale corresponding to 3 x 10 ' amps 
8 bit digitization of output 
Accuracy ,1% of full scale (10 mv) 
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(?.) Ler 111 cctvui’.k^t.i-r (( (Mil .) 


T.i;:i-.( CcMlMl.ant C.OL ficei; 

Conparatcji: a.L 10-15 vianijn-i Idr ran>’(i fa-lac t ion 

?rcvLal(.)u for co;;ip;>raLor (with latch) a.t ?5 iia:.i;>s .if limit: i pi :Lcr 
r-ratoctiion f-hould be iicic.cfiaary . 



5 .10 ' 



c : i. / f i i; c (par io d i c ) 
cm/sac (randcMTi) 

:ion: ;i20'i at 2 x 10^ cts/s;ec 


-ji 

,1 

•1 

t 

] 


i 




TBS 

(1.6S X 10^) 


??5cdo lot; 

4 bit exponent 

5 or ^ i.j.'.auis5a 
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lA Soiit'.(M.)her , 

c:kc: 


GAl/I.I,KC) NMS 
DKS tGN KOTI- 

Dita :;.iaalini> 

A- t''-:! Callleo h'MS iM'. H'l-t't In:; on 30 l9'/f> a briof: 

- ;'vl- V t.“ r-;.i Ln^ tliC’ n't^Lbod of tcO. c‘r.’.t.‘L'i‘Vii nj', hiuiriolcoap t nj' tint. a 

.-r-.-i-ral ccr.:!'.:: of. oase of d:;t.a handlin:;, 'uio p.o.nornl problem of 

t ior. r.LS V-r^n ccmslderecl furtiiar and tniy brief uoCo. is inlicnded 
► -•- 2 ^ TTisfnt desigc provides for I'ensonable. ease in daLa 

7 £1 ic?. of the Infornation available Indicates that tbe. space- 
craft airrr trace is as shiO-.vTi in Figure 1, vith IGiS assigned 8 pair of 
ccc;ir.M:_s 1 bit vrrcs equally spaced in the i;'.inor frame as typified by the 
sbaiei brxes. Thcs >r.-;5 has one lo bit word each 0.5 seconds. lA of these 
bits are c?ed re teleceter the nain sensor output, A bit exponent, 9 bit 
nrictissa, ar.i 1 bit detector identification in th.c case of counter output, 
and for the grid eiectroceter , 12 bits of output, 1 bit of detector identi- 
fication r-nd 1 bit not used. This leaves two bits of each 16 bit. word 
available for telemetering Multiplier current housekeeping data. 

--!li bs* us^d for I and the other half for 'the other house- 


keeping f'. 


This is illustrated in Figure 2. 


The last two bits of each of the first four NHS words in a minor frame 
are used to telemeter the value of an taken during the previous minor 
f'ace a-'d *-he two bits of the second four words telemeter a housekeeplug 
fu-’cMo-. A 32 channel housekeeping multiplexer Ima been selected so the 
housekeeping word pattern repeats each 128 seconds. 


19/8 


-gs- 


Th-.! stall! ol uIk! 13 bit. c-ouul.oi- iirovidc!:; Mr' in [urinal. Lou ri‘qu,Lri‘il 


to m'.a--!bii’,uou£ily lilcnitiCy tbc! b.Lt;; which conipr Lsc the lb 
w.ith which tlic ccumtcr state in associated. Vho leant n 
*.ru iriv.ir.i; the r.ualot; and dlj'ltal nmlt Li>lc!>:cir s , 

.•.s 3 la:-. .st ni.jr. it Leant bits cycle throi.n'h 0 to 

Li: 7 ^:: = ” i? iit-arif i^.a, 

0 Bits 1 2 of I 

n 

1 Bit 3 & /( of 1 

n 

2 Bits 5 & 6 of 1 

m 

3 Bits 7 6. 8 of I 

m 

I, Bits 1 & 2 of HSK6 

5 Bits 3 & of HSK6 

6 Bits 5 t 6 of 11SK6 

7 Hits 7 & 8 of HSK6 

0 Bits 1 & 2 of I 


bit oiitjHit word 
ieiitfiemil: bits 

V tlic. luuisokoepinR 
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A:; I lu‘ four bit:; of I lu- 1^ bit count or eye U* f i ojii 0 ■ 'f I. , (ho 


mult. L|>lr:;;or ‘-.t ato i ;i i clout, i f i otl . 


0 lil-'X ] 


Ths entire 13 bit vord through a look-up table equivalent to the 

instrun-r.t riOM icantitys the mass being sampled, ionization energy and 

whetner or not a tuns check is on-going. A small unavoidable complication 

exists in that the mass associated with a given reading was identified 

St tr.e time its digitized value w’as shifted in to the readout 

register. That is to say a ROM bit cones true to indicate an 1 reading 

m ■ 

and tne laass bits associated with that ROM interval identify the mass. 

The Gigizitec value will be shifted iiito a register to he road out during 
the next ninor rrane. For data display this mass number must be noted and 
stored zor output during the next minor frame with the appropriate 1^ bits. 
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Tluui tlu! sf.aLc! of iho ,1'^ 1)1'.: c.tuuU.or aiul /i roiil.Lca of t hn ;iufit:r iiiiioiit 
ROM urva:jbii;uou‘jly lilentify each oulpiiL Ml:. On fho {'.rmiiul v/.it.li 0.'!)’, 
the: ;-.taLC! of the counter and tlie ROM aim cc)nt:Lmioiu>'!.y ava;n.alile. On the 
f 7 :.;i f t with.C'ut GSE the 13 b.lt counter and a ropl.:lca of tihe ROM miuit 
7 :• rir~ z ~ t'r.i- c.c.r.:ute.r . At turn on and reset the. computor haned 13 bit 
c;ur.ier ~-z~ be re.-ee v.r.i subsequently count either bits or words to track 
the ir.5 ;r-ur.=nt counter. The output addresses the computer based ROM to 
track the inscrurart configuration. Once each 1.38 seconds the state of 
the inscrunanc 13 bit counter is telemetered for confirmation and resynchroni'/t\tion 
as necessary. If, as is probable, the instrument reset is tied to the S/C 
nincr frane ccunter, then re synchronization information i.s available each 
4 secents since the state of the 13 bit counter equals 8 times the minor frame 
counter less the phase difference. 

At turn-cr. bits hava been set aside to provide a one-t:lme command 
readbach and synchronization signal. However, this data would not be 
assimilated until after the first tune checks were completed so there could 
be some difficulty at tum-oii. This problem is e.liminated if the S/C frame 
counter could be used to establish synchronization before turn on or more 
correctly "reset." It seems vary likely (or at least correct) that the 
S/C initialize signal to in-iS will have a fixed and known relationslrip to 
the Hi so that the problem of initial synnehronization is clinrinated. 

Other than the potential problem of initial synchronization, the present 
design seens to fulfill reasonable requirements for ease of datii handling 
and display. Software specialists should review the de.s;Lgn for concurrence. 
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GSf-C 

GSF-C 

I • > ^ 



: r^:! for the purpose of discussing the electrical and 

i nte""?. :e to the Probe. 



Ic" --~c - --li;,. c'e enslog punp voltage, pump current or temperature 
r:'-'.zzr '■.-'.-■t is ces'lred. The three functions could be multiplexed. 

C'r. ~ : r -r.Cf - .■'.'ate rvjde is being planned to enable a look at background 

pr"~- CO- 0 » actcut during entry. 

C c~and; - Tha :u“.p power Ch and pump pov;er OFF commands will be provided 


Pc-^ar - Fc.-'ty v;atts of power is allocated for instrument heaters. 

Radiati cr! Meeting at GSFC - ARC desires that GSFC send parts lists and 
mechanical drawings to ARC prior to the radiation meeting at GSFC in 
October so the radiation contractor can review them i.e., MRC people. 

There will be a discussion about type of components and how affected by 
radiation during the meeting. 

Allocation of V.'jrds - There will be 64 words per minor frame and 16 minor 
frames par major fra.me. ho fi.'-'S word assignments have yet been made. 

G- Switch -AG switch will be provided to start the measurement sequence 
St 5 p.l bar. . • . 

Si t rate change - The bit rate will be 123 bits/second to 10 or 15 bar 
and then switched (reduced) to 64 bits per second, Tlie lower bit rate 
is desired to prevent dropout of communications with transmission frequen- 
cies used. The switch to 64 bits/second will probably change the bit 
format. The question then arose if a bit change signal was needed or 
can a change be derived from the signal. Finally, do we need a format 
re.adout status? 


Dua 1 Rcfidou 1: Ca[iat) i 1 1lu;ro v/ill ho two lajadoul: r<i|)(ih i I i t ins providcKl , 
10,'h? hies por sooond and b]?. I>i (;s [ut second, for prcinnd cliockoiil; tind fast, 
speed reodmi [■..*■ A jiroforonco toward tho tG?4 hits per second rate was 
indicated. GSfC is to dotorinino if they want, tlio liit rate roadoot; 
stac’-s. ARC will assume that OSIC does rsot. want tho '\{Yi>A luiloss notifiod 
contrary. It was indicatod that the- lOkd bit rate readout status ‘ 
' to nocossary if tlio road onveloj)o is availab'Io. *(diiring cniiso). 



! d 




include tho ability to oporato six instruiuents at 
ix i nstrurnents ono at a time;. 


I’o -vCiCrCrofc S'!:-..'! sequence will ti? as follows: 
a) c-s-'t:h ore.-aces at 0.1 bar 




1 be provided for the pyrotechnics. When the 14 volts 
j the instrument will distribute such voltage to its 


The ccesc';''. a-cse 25 to the possible effects of a shorted pyro on the 
sircec'i-* battery. Some protective circuit may have to be designed into 
the circuit. • . 


The 3S.-C Galilee frobe fCiS has 14 pyrotechnics . Five amps vn'll be pr... - 
viced by the stececreft for pyro operation. 

A questicn that needs to be looked into is the phasing of the instrument, 
pyrotechnic firings and the s/c pyro firings. HAC does not want the 
instru.te.nt and spacecraft pyros fired at the same time. 


CD.~ard Data - HAC has offered a nev; command envelope in lieu of the 
pioneer ve.cus envelope previously considered. 


PV 

— ^ 35 ms + ^ nis 

GSFC needs to cerment on the new envelope, 
the new envelope. 


NEW 

-tI k- ?. ins 
T. Wong, ARC, does not like. 


Input Buffers - The input buffers have been OK'd for radiation with 

10 X 10^ rads Si fluence level, but a change to the buffer will be re- 
quired in the clock lines. In the clock lines, there is a spike following 
the pulse which will be compensated for by adding a circuit to the buffer*. 
The road, 33 KHz, lines are OK and require no compensation for radiation. 


tttr 



» Sond T. WoiKj (ARC) a copy of tho t'f>port on KOVAR hybrid circuit can 
buckling 

e Leak at the s/c battery location with relation to our instrument. It 
is presently in close proximity to the tiMS. HAC will also look, at Lhis; 

» v-ill lock at the differential pressures across the NMS inlet/outlet, 
"'ey ^'.ev 5 indicated that the outlet could be run to the outside of the 


« C::,. cf f 1 recharical layout for the RMS v;as given to MAC. They are 

tc ■-e.iew it -rd cc.~“ent and forward comments to GSf-C. 
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M E M 0 R A K D li M 


S.—z: .'.‘‘tzzs cn ;:i.gh-speed Counters and Kloating-noinc Re 


ing-point: Representation of 


count trr i . 


Galilee desirr. 


er tne current Galileo concept for pulse counting and encoding the 
ri re vith a feeling that out design is less than optimum. The 
•rttr.D^v too far coniriittecl to make a significant change, but 1 


would like to set devr. these thoughts for future projects. 


Th^:sa "uneasy" aspects are: 


1. Ths zirst zev stages of the ion counter require a high speed, high power 
itnplerentatron. Thus the stages which produce the least significant data are the 


nost costlv. 


2. Indsr doisson statistics, the standard deviation ( o) of the count is equal to 
tiie szuave root or t.ne count. This rieans that, in general, only tlie higVi order half 
of tr.e bits required to express a count are statistically significant. Tluis the 
nur.ber of significant bits is a function of the count itself. Further, it means tha 
the few lowest"Order bits are almost never statisticallj' significant. 


li i I i Pot I or 


SI:HJPi;T; Ko.tj.itp' Oiil Hio!i Spood Count. or;; 

K-'.-idi.!!;', out; a rountor r.t ap.o nujulnu: a Ccniut; Ktuih lo fu:u-t; icm auuoo. i-al.ctl 
'..’.it;. t: sta,;o to bo ri-ad , and a olo.'tr fuuct inu ;i;;.‘!or I .irod with alL uLaiiiis 

; . 1: tito j' 0 ^^ ioa of n c cnint.oi: .i:: ilnspi omoiit:cd wit;h a ditfort^al: 

• i : ira:. t';.-.- : t.f il’.c; syol om, Icr.-ol c haup.o*.'-* itfo. i-otpuLaul J or t hese 

t’.-r . V, i:; a.iii; !.;'. the level ohaui;ers th;iL are recpilred t o sen.se the counter 

ce.'. T r.- e r.y per.e.lty in v:e;i.«;ht and pother just for read.Lnp, these h;its that 
i? ,i;-. .;iiiri:n le i'::e cesi c'f ttti high speed counter itself. 

in r^.r.rr.'-l, a ' rare tone?" d iv'ide-by-two circuit, without any reset or input 
gatir.y,. r^r. s;:'.i;vr z faster count rate with less power consumption tlian an c.quiva.lent 
c.aic'.ter ..ffitional ccnponents. I don't know if this fact in, rtjfiec.ted in 

ccr.tlcs.t;n to he reach.ed is that, while we must have these h i.rjv-speed 
counter st.'gis tr trf.leve rdatnnte pulse res(>lut ic>n , we sliou.Id not rc-ad out their 
contents unless there is a scientific need to measure very small count rates (> lOO 
co’ants, for cntrtple) . 

linen teleretry is expensive, the optimum number of b:Its to telemeter is 
deper.-dent on the Ftagr.itede of the count itself, and hence .is data dependent. 


SU 


h'hrr.r'Ver soue low order hits are dro 


error is ir.trod'cced , This error i.-; easily 
in the case vh.ero we co not clear the low o 
read out, the' co-ant v.hich is left ove.r from 
next, and any statistical l>i;u-; i;; cancelled 
error should be included in data analysis. 


pp."'n, a small but; sy;item.'.tlc truncation 
corrected for in data jinalysis. However, 
rd’or bitf: of the counter that; Wl’ do not 
o:u; integration pc'riod is added to the 
out. No other corri'ct'.irm .for t:runciit Lon 


- UH - 


Ortolinr .1‘1/K 
- :i 
VMM I'o; u 


Sl/iiJrCJ: ^ !■' i oal'.in;', roinL Ij.xcocILiip, 

C".;.- can dtivisn a variety c>f cuicodint' ac.liena.s for floal;.iiig jiodiif miuibera 
v’;.r.- the r:';al ?v of bits rouiaJui; constant, but the al l.ocatiou between exponent 

a;-.r! varios vlth th=; raap.nitude of the count. It is. relatively easy to device 




u_';er of bits in the uantiesa is approximately equal to the 


aviatiar. :i the count, and which could be implemented v;ith an on-board 




little tricky to find one which can be impemented v/ith hard 


lo;;ic ir.c vh.ich. £ive a net reduction in weight and power. I haven't found one , 

yet, :uc erne ct the .-ch.enea I have looked at show systematic bit patterns that 


?. very sinple inplenentation may be possible. 


- nvt- 


r M [•; u N I V i; ci i r y of m i c m i c; a n 

si’acil: I’liYsrcr, uKSFAiiCit r.Ai'.. 

Oc;tobfir I97» 


Galileo File 
Bill Per car 
Cr-.-.r. ‘; c-r to Check Oisci llalor Fregueac : 



Base out a bio.ary number into the housekeeping; data stream 
freu v'r.ith the oscillator frequency can be deduced. The resolution 
in fretuency readout must be ecjuivalent to less than 1/8 AMU at the x/orst 
case 'nass = 150 AMU). We can assiune a. priori that the oscillator never 
drifts ncre than lOOKc from nominal, so some high-order bits of the 
count n=.y be discarded. 






Accuracy Calculations; 

The quadrapole equation is: 

, - 0.1334^_ 

o f 


(. 1 ) 


If B " 0.5 cn.. 
o 

n = 0.5536 — \ 
f 


V - 1.S063 f^m 

Where V - peak AC voltage, in volts 
f ” frequency, in MHZ 


( 2 ) 

( 3 ) 


n - molecular mass . in AMU 
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let An 1/S AMU; 
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npute Table 1: 
llatcr Parameters 



V 

Af (MH2 
to sniti 

1/8 A21V 

- 

L 

1 

2 

c-., 

0.25 

5 

4.: 

141.5 

0.05 

#• 

‘ 

47.8 

0.022 


2 . 

414.2 

0.0025 


* 

137. S 

0.0014 

111 


3?0,2 

0.0005 

250 


650.2 

0.0003 


critical case 


If ve revar sat:ple taasses greater than 150 AliU, the worst case is for mass 
150, End indicates a resolution requirement of 500 Hz. Bits less significant 
than 500 lit, therefore, may be discarded. 

The simplest vsy to discard these bits is to use a count interval of 1/500 
second, so ve don’t generate then in the first place. There seems to be no 
Eppropriate tine base available; however. The next simplest way is to use a 
count interval of 1/2 sec, for which an appropriate signal is available, and 
prescale by a factor of 256, so that the number resulting in the counter is f/512 

If we follow the pre-scaler with a counter whose bits we will rtsad out, then 
f - 512 * count. We must rend out 13 bits to determine frequencies up to 4 MHz. 
If, hov/ever, Ve are v/llling to assume n reasonable stability in the oucillator^ 


- 100 - 


t lir;i not rcMc! out (rjr ('.oiierat o) >.cjiuc> of I iio onlcr bi t. Since; I Iu> 

bom.ckoej) ln<; clal;a syst.cm Is nlco.uty sH' ii;; to baiidlc elrtCa In 8 - IK. byt;os, It 
voulcl lu; ''.oocl to road 8 bits of froqiunic.y data If posiilbl.o. iJropjinj' tlto liipji 
erde-r bits <;ives a rochmdaiu:y of -t- .18], (17? K KIK, v;hoj:o N Is an lutogor. Thus 
frc'-usacy is g;lv-^s by 
f - c-.'un: y: Hi. 072 * N hr., 

b’ is an ir.:ii: = r •■.■‘.'.ich must bo ck-temLnod fron ;i priori knowlodgo of the 
fr_:urr.;y. b' is : ;r i- for the noninal .1.2 MH:-: froquency , .18 or 16 for the 2.1 MHx 
fr a'uir.ty , and 3 2 or 31 for the 4 MHz frequency. 

If this an'oijuiry is not acceptable, the counter can easily be extended and 
an ediitirr.al shift register added to read out the high order bits as another 
byre, “ni? hf^h. order byte could be sairipled less often than tlie low order 
byte. 
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J'I'I!’-'* ivi’-'l'tlll i II •', Oil ft.'l 1. i. t.iio -K'MS 


'.■rlj;-! for Lho Cn.U lou -NMS wUl. u.'io tlui’o UV fro()u«ncLea 

roqiiiri.d ro mvor Liu; deriirod nae:;; range. Aysum- 
— : -rcv::r.,-;t;ancey , witli no kr.o-.v1f.ilgi! of the yysl.om generating 
rc '..sonablo to call for indopo ndent.ly coiumandcible gain 
;i.?i.iicy ror the RF ar.ip.litude transfer function .-incl for the PC 
rcr.ccien for each of the three frequencies. This results 
:r JO bi;s or cor;"and functions ((gain -I- offset) x (RF -1 DC) 

(3 bits/ function) - 2 x 2 x 3 x 3 - 36) . 


recutr^ 


r.'.e 5y?ter. suggests some areas v.'he.re the numbe.r of functions 
-.-.e w-'r.ly likely source of error in the control syste.m that 
cy cr.angrng the offset in the transfer functions is the fcr~ 

; r; tne rectirier diodes in the oscillator feedback loop. This 
re frequency dependent, so one value of offset correction should 
:nree R? frequency ranges and no offset adjustinent should be 
iC function. 


mere are f-'o kinds oz changes that can be corrected by providing gain 
con.^Oi i.c>r ^r.~ anplituce: frequency drift and loop gain drift. Clearly, 

f ,. crirz rrjst be assumed independent far the three frequencies being 


Ur.^r. wTli.- ul2 


y or i.;,ay not be frequency-related. Since the system 


i.us,. provide t.nree dizferent gains (Amp.litude vs. Mas‘0 , the opportunity exists 
fo. j.n^e?enzent drifts. Independent gain drift is unlikely, however, 5 >.lncc the 
separate elements involved in setting the gains are latge-value rcs.istors in 
series with Emali-resistive-value saturaled switching elements. The switching 
elements are all part of the sains integrated circuit, and may be assumed to 


- in» - 


f;!iow co'.ipar i.blci drlfta;, ’liuU;[)Rtultmt'. Ivl-' f'.ni.n control rciiuiiiiH n vcnjn i roinont on 
ih-;: bnaif. of tho cxpoctocl fojin of frt'tiuRiicy drift:. 

Thoro arc two purpofien in prov.i,d:lny p.ain control for Llin DC amplitudci : 
ca^r, in tb.c. loop f,oin of the Kod DC Amplifier, and tracking' of chan«ca made 
ir. 7 t“pli:uas ; a:’.:: : iaa . Gain cf the DC amplifier in not e>:peeted to be a 

:: irecuer.cy, for tVie r.ame reasons stated above for KF p,ain. Where UF 


fa ir. 


~ _ 1 . j 


icd to compensate for RF p.ain drift, the resulting^ ,RF. 


amplif-ie -ill b= rr.i; originally-set value and no adjustment of DC gain will be 
r.eressar;'. .'Oire ?.? gain correction is applied to compensate for frequency 
dm: CC tiir. vill have to be adjusted correspondingly to maintain the cor- 

rect 7J’ - to - DC ratio, Cn this basis, as many sets of gain controls must be 
prevttet ttr as etiist for Rr , 

Lotkir.g at the stability requirements on the mass selection parameters, it 




If 


^ \f ^rf 


M , . i/io 


M -- 150 » 

and equal percent drifts are assigned for amplitude and frequency, then 
AV^_ AF, 


R? 




= -f 0.02% of the 150 /MIU values. 


Assigning n.alt the error to the oscillator control loop and half to the D/A 

converter providing the analog reference for the loop, it can be seen that the D/A 
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cust be good to + 1 X 2 (i.e. an "honest" 12-bit D/A) , and the allowable control 

loop gain drift is +10 ppn/“C assuming a 100-degrce temperature range. Looking 
now at the 6-50 /d-fU portion of the mass range 

M ^ 1/10 

M ' - ■ 50“ » 


ami 

S i lu'i' 
l ,'l X 


""kf "'-kk 
'’kf 'hi- 


i I.f 1 lia ')0 A’lll \M In.'S. 


I i'.-.' 


! t' 


!>/A is al 

I o.ov,; 




1 




1. or 


no o: t'n-r c: 


pris 


iL'.uty i 1 it'll at t ,01'/ , t li.‘ coal ml Iddh dirlfl may bn 

ovi'i tvi ijiarat 111 t> , cif -I- .'lO |iiim/“C. ,*i i ni i, 1 <ir 1 y , tor Lla* 0 -.S 

V I.’ . . ► 

RK Kl‘ 

■ C'.s-- .■Vi'i' t t'i;ijiara I U5 a' , or -I- aOO A ciual. i t at i vt; 

• L.s that: .if t hr cont I'ol looji aiul f fo.qnriU'y-ck;t.c-.ri!n.ain<» 

'.’1 arcuvacy t o moiit tlu' ,')0 ;ur 1 .IfiO AMU Lmuonti; , flioro 

Irani r.aln-rolatr.d dr.iLta on tho ') AMU I’anya* and the command— 
.rn? for I'r.af raur.rf may KaCrly hr dolol.cd. 

?.Z.l ih iii .Is tl'.o siif.s’a-s t km that: the or.ij\.lnal roquirrment of 

• i of fro; cor.tro.ls for UK and for DC at c.ich of the three fre- 
.■.'.X a loiai of 36 command b:Lts) c.an be ii'dnced tf' a reiiti.i.rrment 
f.= ot; coo.lrol, UK paoLn control. fc>r the* middle and hie.h masses, 

.'1, :.n:; DC r.:io. control for the middle, and hij'.h ma.sses (com- 

13 I'ii;:) wit’a no in actical lo.*:;: :in f one t umal Ity . 
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si’At'.i; niY::u;s ui’siiAiu'ii i.auvikatoky 
(Vlol).'i \i\, IT/8 
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>1 K1 -.h- I r i i-/Sp.u v' Sy.^lfi.is 


v! ■■ l.-i, lA/S, «'i v.is i.;.uU* to (U-Koi'.il. K 1 oi' I i‘ if Sp.ici' 

. i Sy of till' S'p.U',' rhysio;: Ki'si'.i roll 1 .al'ov.il oi'y , 

ua; to il i .'■.fu:'.:; I I'.o poss i 1' i 1 i t y of t’.f’ ;:up]'l\inp, 

1 ■ 'i./.'.U : 'ul t. i.-l ayor pi iiili'il t: i f o o i. t. I'oavils. 

c . aatioa vaa to iiioet. with John V. ill. iup.a* nianap.or 

a 1 . '.a.iVi:.': , tha ilopav t riv*iit. i ospoiis f.hl o lor ovo raoc i up. I ho 
■ : af t 'f Our f iral tar-h waa to p.of a roup.h iiloa of 

.-’■•.■■.-r li'.at wa* v.’tilii la’Oil I i»r t ho OaLitoo I’l oho 

. . : .'.oio:' i- ; Of ; fon i oa ayr.l i‘;:ia . V’ iisi'il a roup.h oat iiiialo lor 

'.■■‘if. 'i;.'!. 'f. ; : a th.d wo \Jill ho lu.in;’. in oou/iuufl ion with Ihoao 

•h:. Fro.a this analyaia \v'o iloo iiloil iuit i.il.ly wo wovilil lu' uaiup, 

Of c' '1 i f oroiit: typos of imil I i -layor hoard. 

iv.pro.saod with I ho layout: f.aoili tioa at CK .■uul app.iront ly 
i-f ti' aiu'-'lv ii-.ult i- 1 ayoi* hoards r.iufi; t hoy art' ;in iho pri'fi'f.a 
1 ■.■■.-oy.r.in fo'f th.o .Air V'orci' which v.aod woll over ^■'00 niul 1. 1 -.la.yor 
G?i coos ir.o U’.y.uit of tlu:;u' they chooao a \’oudor that 

c;u.ility aasuracafo prop, ram. Thoy aro wit. I i up, to con- 
.'’-JA. ti'.-f ;i ! itf.ry apoc i f i c a. t i i';; for i:iu 1 1 t • -1 ayor (pla'od t hroup.h 
f . ;:J 'anc 1: ! '"a W'itli iho.ir o;<..'. i^pioi' i f i i: al ion (IK -fi.UHl , 

to cv'l'oft tlio ivf -. :fw‘y inforin.itiou to aoml to CK .so 
'o t <-> p.fUor.',! a. cjuoto for r'.'pal y up, hp.u'i' I’iiyaifs with mull i- 

(Itu il i M y , 


lU'i^nic Kloro 



' ■ 1 

r>. CONCl.USIONS 

As ot 30 Scptor.b:'!' , 1.978 I ho cmu’eptu.il dc!i^i';a of t lio JupiUor I’robo I 

b'-'vour-.Tr.iicer cloot ronlc .system wa.s tontatlvol y complete!. block d .In j’ rains 
lr:uit dis.;r ’---■.'.s rrv.sentcd in Section 2 linve bean j-enarated and very 
p j-;.; h.avc been tabulated. An assessment of the design^ 

j ^ p,:. - j. T = licbr.ical problems and that the final detailed desli;n 
bi- . .'ral-i; lii b-' late December, 1978. 
y.ev T'rarler. .^rTas appear to be: 

/ - \ ^ ; - 2 r ■ icular ly in providing the hybrid circuit vendor final 

dra-..:r.rs ir. tir.e to allow the vendor to meet required delivery 

spacecraft interface information is required 
'i the circuits can be released for fabrication. 

■ 2 '. j-,.; cuisrior. oi veight of the electronics is impossible to assess 

accur.Htil-- ai this state and there exists .some concern that the : 

5 trir.z;er.r -..ei^ht limitation can be met with the existing de.sign. This ^ 

issue should be resolvable when the design is complete cind a rlgorou.s | 

weich; estimate can be made. j 

(3) 'ladiatior. 'lardness of certain devices otherwise suitable for the 

electronics. This problem appears tractable, but further consideration 
must be giver, to the selection of device types. 
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